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(57) ABSTRACT

The mvention relates to a method for equipping a process
chamber 1n an apparatus for depositing at least one layer on a

substrate held by a susceptor 1n the process chamber, process
gases being mntroduced into the process chamber through a
gas inlet element, 1n particular by means of a carrier gas, the
process gases decomposing into decomposition products in
the chamber, 1in particular on hot surfaces, the decomposition
products comprising the components that form the layer. In
order to improve the apparatus so that thick multi-layer struc-
tures can be deposited reproducibly in process steps that
follow one another directly, it 1s proposed that a material 1s
selected for the surface facing the process chamber at least of
the wall of the process chamber that 1s opposite the susceptor,
the optical retlectivity, optical absorptivity and optical trans-
missivity ol which respectively correspond to those of the
layer to be deposited during the layer growth.

7 Claims, No Drawings
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METHOD FOR EQUIPPING AN EPITAXY
REACTOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a NATIONAL STAGE under 35 USC 371 of and
claims priority to International Application PCT/EP2010/
057976, filed 8 Jun. 2010, incorporated herein by reference,
which claims priority to DE 10 2009 025 971.6 filed 15 Jun.
2009.

BACKGROUND AND SUMMARY OF TH
INVENTION

L1

The invention relates to an apparatus for depositing layers
on a substrate held by a susceptor 1n the process chamber, 1n
which process gases are introduced into the process chamber
through a gas inlet element, 1n particular by means of a carrier
gas, the process gases decomposing into decomposition prod-
ucts in the chamber, 1n particular on hot surfaces, the decom-
position products comprising the components that form the
layer.

The invention relates to an apparatus for depositing layers
on a [lacuna] by a susceptor, 1n which process gases are
introduced into the process chamber through a gas inlet ele-
ment, 1n particular by means of a carrier gas, the process gases
decomposing into decomposition products in the chamber, 1n
particular on hot surfaces, the decomposition products com-
prising the components that form the layer.

An epitaxy reactor 1s known from DE 689 08 927 T2,
which has a process chamber that 1s of flat cylindrical form
and 1s circular 1n plan view. The cover of the process chamber
1s formed by a cover plate, in the center of which there 1s a gas
inlet element through which process gases are introduced into
the process chamber. The base of the process chamber, which
forms the susceptor, carries a multiplicity of substrates. The
substrates lie 1n each case on substrate holders that are driven
in rotation. The susceptor 1s heated from below. This can be
cifected by way of a resistance heater or by an RF heater.

An MOCVD process takes place 1n the process chamber.
For this, organometallic compounds of Main Group 111, e.g.
TMGA or TMIn, are introduced 1nto the process chamber by
a carrier gas, €.g. hydrogen. A second process gas in the form
of a hydnde i1s introduced into the process chamber as a
reaction partner for this first process gas. This may be AsH;,
PH, or NH,.

On the substrates lying on the susceptor that 1s heated from
beneath, e.g. GaAs, GaN, InP or mixed crystals, a layer con-
s1sting of elements of the Main Groups III and V 1s deposited.
The process gases introduced into the process chamber
decompose pyrolytically on the hot surfaces. This layer
growth based on a pyrolytic pre-decomposition takes place
naturally not only on the substrate surfaces, but also on the
surfaces of the susceptor surrounding the substrates. Since the
cover of the process chamber that 1s located opposite the
susceptor 1s also heated by heat radiation emitted by the
susceptor and cannot be cooled to a suilicient extent, a para-
sitic growth takes place there. Layers that are deposited on
walls of the process chamber are fundamentally undesirable.

In the generic apparatus, the coating on the process cham-
ber cover and on the susceptor 1s removed again, after the
deposition of a thin semiconductor layer, by an etching of the
process chamber that can be effected “in situ”. When depos-
iting only thin layers, naturally only very thin coatings attrib-
utable to the parasitic growth are observed on the process
chamber walls. Their intfluence on the layer quality 1s accept-
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able. If 1n a generic apparatus, thick and in particular multi-
layer structures are deposited, thick coatings are then formed
on the process chamber walls. It has been observed that in the
case of deposition of thick, 1n particular multi-layer struc-
tures, non-reproducible results come about in respect of layer
quality.

It 1s an object of the ivention to improve the known appa-
ratus 1n such a way that thick multi-layer structures can be
deposited reproducibly in process steps that follow one
another directly and in particular, to provide measures by
which changes 1n the temperature distribution within the pro-
cess chamber during this process step are prevented.

The object 1s met by the method for equipping a process
chamber specified 1n claim 1 and by the process chamber
equipped 1n this way specified in claim 6.

The invention 1s based on the recognition that the layer
growth and in particular the quality of the semiconductor
layers deposited on the substrates depends not only on the
surface kinetic but also on the gas phase kinetic. Decisive for
the layer quality 1s therefore not only the actual pyrolytic
decomposition process, preferably limited to the substrate
surface. Rather pre-decomposition processes are important,
and also the nucleation and adduct formation that follow these
processes and take place in the gas phase above the substrate.
By cooling the process chamber cover opposite the susceptor,
the temperature distribution within the process chamber 1s to
be adjusted. This latter 1s of major significance for the pre-
decomposition of precursors introduced into the process
chamber. Investigations and model calculations have shown
that the temperature distribution within the process chamber
and 1n particular on the susceptor depends not only on the
power of the heater that heats the susceptor, but also on the
radiation losses and the radiation properties of the walls that
define the process chamber. It was found that the optical
properties: retlectivity, absorptivity and transmissivity of the
surfaces of the process chamber walls, are of decisive signifi-
cance. According to the mnvention, these optical properties of
the process chamber walls and 1n particular of the process
chamber cover opposite the susceptor should be the same as
those of the layer to be deposited. In the known apparatus,
observed deficient reproducibility 1n the deposition of thick
layers 1s 1n fact attributed to the optical properties of the
process chamber cover changing during lengthier growth
times. This has the result that the heat adsorbed by the process
chamber cover during the process diminishes or increases and
thereby the temperature of the process chamber cover
changes, which has an effect on the temperature profile within
the entire process chamber and thus also has an effect on the
decomposition behavior and 1n particular the pre-decompo-
sition behavior of the process gases. If the reflectivity
changes, this has the result that a lesser or higher radiation
power 1s reflected from the process chamber cover to the
susceptor. This has not only the result that the temperature
distribution within the process chamber changes. The change
of the optical properties leads also to the surface temperature
of the susceptor and 1n particular the surface temperature of
the substrate during the duration of the process continually
rising or continually falling, until the process chamber 1s
coated uniformly with the decomposition products of the
process gases. This 1s for instance the case when the layer
thickness 1s thicker than twice the optical thickness, which
corresponds to one quarter ol the wavelength of the frequency
of the radiation maximum for the process temperature.
According to the invention, 1t 1s proposed to give at least the
process chamber cover predetermined optical properties
which correspond to those of the layer to be deposited and the
coating that forms on the process chamber on account of
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parasitic growth. Relevant here are the optical properties in
the frequency range in which the frequency maximum lies for
the process temperatures (PLANCK’s radiation law and
WIEN’s displacement law). The growth temperatures are 1n
the range from 500 to 1,000° C. 5

An epitaxy reactor according to the prior art, the annular
side wall of which and the cover of which opposite from the
susceptor consists of stainless steel or aluminum, may as a
result of the mvention be retrofitted 1n stimple manner. The
side walls and the cover are provided with 1n particular 10
exchangeable cladding pieces. These cladding pieces are
made from a material which has optical properties that are
substantially the same as or at least similar to the layer to be
deposited. Depending on the maternal to be deposited within
the process chamber, process chamber walls can be used that 15
are adapted to the layers to be deposited 1n respect of their
optical properties. If the semiconductor layers to be deposited
are highly reflective but only slightly transparent, suitable
cladding pieces have an almost mirrorlike surface and are not
transparent. If the layers to be deposited are less transparent, 20
so also are the cladding pieces. Typical values are: transmis-
stvity T~0; absorptivity A~0.8; reflectivity R=1-A.

It 1s not necessary for the surface of the process chamber
wall and 1n particular the surface of the process chamber
cover to consist of the identical material as that from which 25
the layer to be deposited in the respective process consists.
According to the invention, a wall 1s to be formed such that it
1s very similar to the optical properties of the I1I-, V-semicon-
ductor layer in the range of the process temperature, R+A+T
being equal to 1. In this way, the heat exchange action with the 30
process chamber does not change during coating of the pro-
cess chamber.

Using the method according to the mvention, a greater
number of longer-duration deposition processes may also be
carried out one after the other, without the process chamber 35
having to be cleaned between the individual processes, 1.¢.
when the substrates are exchanged.

All features disclosed are (in themselves) pertinent to the
invention. The disclosure content of the associated/accompa-
nying priority documents (copy of the prior application) 1s 40
also hereby included in full in the disclosure of the applica-
tion, including for the purpose of incorporating features of
these documents 1n claims of the present application.

What 1s claimed 1s:

1. A method for equipping a process chamber 1n an appa- 45
ratus for depositing at least one I11-V semiconductor layer on
a substrate held by a susceptor in the process chamber, pro-
cess gases being introduced into the process chamber through
a gas inlet element, in particular by means of a carrier gas, the
process gases containing at least one organometallic com- 50
pound of the Main Group I1I and a hydride of the Main Group

4

V and decomposing into decomposition products in the pro-
cess chamber, 1n particular on hot surfaces therein, the
decomposition products comprising components that form
the I1I-V semiconductor layer, the method characterized by
selecting a material for a surface facing at least a wall of the
process chamber that 1s opposite the susceptor, according to
an optical retlectivity, optical absorptivity and optical trans-
missivity of said material, which reflectivity, absorptivity and
transmissivity are the same as those of the layer to be depos-
ited, and further selecting the material for the surface to be of
a different material than the layer to be deposited.

2. A method according to claim 1, further characterized 1n
that a surface of the susceptor and/or of a side wall also have
optical properties that correspond to those of the layer.

3. A method according to claim 1, further characterized 1n
that the susceptor 1s a base of the process chamber and the gas
inlet element 1s disposed 1n a center of a process chamber
Cover.

4. A method according to claim 1, further characterized in
that flow of the carrier gas and the process gases through the
process chamber takes place in the horizontal direction.

5. A method according to claim 1, further characterized in
that process chamber walls that are matched to optical prop-
erties of the layer to be deposited are exchangeable cladding
pieces.

6. An apparatus for depositing a I1I-V semiconductor layer
on a substrate held by a susceptor, 1n which process gases are
introduced into a process chamber through a gas ilet ele-
ment, 1n particular by means of a carrier gas, the process gases
containing at least one organometallic compound of the Main
Group III and at least one compound of the Main Group V and
decomposing into decomposition products in the process
chamber, 1n particular on hot surfaces therein, the decompo-
sition products comprising components that form the I1I-V
semiconductor layer, the apparatus characterized 1n that at
least a wall of the process chamber opposite the susceptor 1s
formed by an exchangeable cladding piece that has on 1ts
surface facing the process chamber an optical reflectivity, an
optical absorptivity and an optical transmissivity which are
the same as those of the III-V semiconductor layer to be
deposited 1n the process chamber, and further selecting the
material for the surface to be of a different material than the
I1I-V semiconductor layer to be deposited.

7. An apparatus according to claim 6, further characterized
in that the surface of the susceptor facing the process chamber
and/or side walls facing the process chamber are formed by
cladding pieces, surfaces of which facing the process cham-
ber have properties that correspond to those of the III-V
semiconductor layer to be deposited.
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